The aim of this study was to investigate the acceptance, accessibility, and usage of cone-beam computed tomographic (CBCT) imaging among American Association of Endodontists (AAE) members in the United States by means of an online survey. Materials and methods: An invitation to participate in a Web-based survey was sent to 3,000 members of the AAE. The survey consisted of 19 questions on demographics, access to CBCT machines, frequency of use for particular applications, and reasons in case CBCT was not used. Results: A total of 477 endodontists responded to the survey, representing a 15.9% response rate. Around 91.8% of endodontists used CBCT imaging in their practice. Around 86% of endodontists had access to CBCT in their office, while 14% referred their patients to an outside office. Cone-beam computed tomographic units used by endodontists were Carestream (59.6%), Morita (20.8%), and Sirona (5.7%). Around 81.1% of endodontists didn't think CBCT imaging has high risk of radiation exposure; however, 10% of their patients declined CBCT imaging due to both cost and radiation exposure. Around 92.7% requested the segmental view when asking for CBCT. Endodontists' opinion was that CBCT enhances diagnosis of odontogenic pathosis, anatomical structures, treatment of iatrogenic errors, and diagnosis of nonodontogenic pathosis by 96.4%, 96.3%, 92.2%, and 88%, respectively. Around 93% of endodontists agreed that they would not consider doing CBCT for pregnant women. Majority of endodontists (74.6%) use CBCT in their practice for surgery, followed by 60.2% in nonsurgical retreatment. While 59.1% use CBCT in initial nonsurgical treatment, 44% reported that they use CBCT in endodontic recall and 9.2% use CBCT for pediatric patients. Conclusion: CBCT technology is becoming the imaging modality of choice for nonsurgical retreatments and presurgical treatment planning. Endodontists deal with complex cases and thus the CBCT is a necessary tool that helps save a lot of time and effort during treatment procedures, looking for canals or determining why a previous treatment failed, and in providing the most comprehensive care. Clinical significance: With the advancement in technology in the latest era, the three-dimensional CBCT imaging helped provide superior information over the two-dimensional periapical radiograph in making the correct diagnostic decision. This survey enlightened the usage of CBCT among endodontic practitioners in the United States.
IntroductIon
Radiographic examination is considered to be one of the most essential tools in the assessment, diagnosis, and management of pathosis in the field of dental medicine and surgery. A radiograph plays an important role as a legal record and document for all patients who visit the dental office even just for a routine examination. 1 Nowadays, a combination of clinical and radiographic examination is a major key and an important tool that is used specifically in the field of endodontics to detect the presence of periapical pathosis and also provides information about the root canal anatomy and neighboring structures. 2 The most commonly used radiograph in the endodontic field is the periapical radiograph (PR), 3 but it has limitations. 4 Two-dimensional (2D) dental radiography has two basic shortcomings: the lack of early detection of pathosis in the cancellous bone, because of the density of the cortical plates, and the influence of the superimposition of anatomic structures. 4 It provides a 2D view of three-dimensional (3D) structures and hence hinders the detection of periapical radiolucency within the cancellous bone. 4 According to Seltzer, Bender et al., for the periapical radiolucency to be detected, 7.1% of the mineral component of the cortical bone needs to be lost. 5 -7 In addition, it possesses geometrical distortions due to difficulty in placing the film/sensor parallel to the long axis of the tooth. 8 However, with the fast advancement in technology, a relatively new method was introduced into the dental field to overcome these limitations called CBCT, which stands for conebeam computed tomography. 8 Cone-beam computed tomography is an extraoral medical imaging technique that provides a 3D scan of the maxillofacial skeleton. A version of this technology has been around since the early 1980s; it is obtained by a cone-shaped X-ray beam. 2 The entire exposed area possessed through one radiation exposure and revolution. The machine rotates between 180 and 360 degrees around the patient's head; it takes only few seconds to acquire the image. 2 Compared with the traditional X-ray method, CBCT is a 3D technique that offers the possibility to visualize the teeth and their surrounding tissues in horizontal, vertical, and axial views. 2 Nevertheless, CBCT has some limitations that should be taken into consideration when utilizing it. Some of the major drawbacks are the amount of radiation exposure, the field of view, lack of training and interpretation of the data, and the resolution of the scans. 4 In 2016 a study was conducted in Tokyo University by Uraba et al.; they found that CBCT imaging is effective in detecting periapical lesions that cannot be detected on a PR, particularly in the maxillary incisors/canines and molar regions. The overall periapical lesion detection rates of PR and CBCT imaging were 31.5% and 52.2%, respectively. 3 According to Frank et al., there is a widespread application of the CBCT technology in endodontic practice; a large number of survey respondents agreed on the fact that the CBCT technology can deliver additional information not available from 2D radiography. 9 Recently, with the advancement in technology the field of CBCT, systems have witnessed several expansions in their application and utilization. 4 The global CBCT systems market is segmented on the basis of many different variables according to its specific uses and application. The aim of this study was to determine the uses of CBCT among endodontists on a daily basis to help them in the assessment, diagnosis, and treatment of their cases and how often they need to add CBCT to the conventional PR and if there is a definite condition to use CBCT.
MAterIAls A n d Methods
An invitation to participate in an online survey administered through the Guatrics software was e-mailed through Herman Ostrow School of Dentistry of University of Southern California (USC) to 3,000 U.S. endodontists listed as "active" in the online membership directory of the American Association of Endodontists (AAE). The survey was administered over a 4-week period between November 2018 and December 2018 in the United States. The survey consisted of 19 questions on demographics, access to CBCT machines, type of the CBCT unit, field of view (FOV) used, frequency of using CBCT for particular cases, cost of the CBCT, and the reasons for not having a CBCT machine on the site (Fig. 1 ). In the survey for those who do not use CBCT imaging in their endodontic treatment and answered that question with "NO," the survey software will automatically take them to the end of the survey and will not let them continue the survey in order not to skew the data. The questions were asked to see the opinion of endodontists in using CBCT in endodontic practice. To encourage respondents to answer all questions, an error message was delivered if questions were left unanswered. Participants were informed that the survey was a research project and that anonymity of participants was assured.
results
A total of 477 endodontists responded to the survey, representing a 15.9% response rate. Around 97.7% (n = 466) of participants in practice had their practice limited to endodontics. Around 92% (n = 440) were practicing in a private clinic setting, and 91% (n = 434) of them practiced for more than 20 hours per week. Around 64.8% (n = 309) of the participants were practicing endodontics for more than 10 years. Around 18.6% (n = 89) were in practice for 5 to 10 years, and the remaining 16.6% (n = 79) had been in practice for less than 5 years. Around 91.8% (n = 438) of the respondents used CBCT imaging as part of their endodontic treatment.
When it came to the accessibility of the CBCT (n = 375), 86% of endodontists had access to CBCT in their office while 14% (n = 63) did not, and they refer their patients to an outside office for CBCT. However, they agreed that the reason for not having the CBCT machine in their office was the high cost, and they would consider buying it if the cost of the machine was affordable to them.
Endodontists reported using Carestream (59.6%; n = 261), Morita (20.8%; n = 91), and Sirona (5.7%; n = 25). Where the resolution of the image is important in diagnosing and treatment of endodontic infections, 80.8% (n = 354) of the participants were satisfied with the resolution of their machines.
Although 81.1% (n = 387) of the endodontists who responded did not think that CBCT imaging had a high risk of radiation exposure (Fig. 2 ), 10% of their patients declined using CBCT imaging due to both cost and radiation exposure ( Fig. 3 ).
Around 92.7% (n = 406) of the endodontists preferred using segmental views (limited FOV). However, 4.8% (n = 21) and 2.5% (n = 11) did use CBCT imaging for both jaws/arches and full jaw/ arch CBCT, respectively.
When asked about the fee, 34% (n = 151) did not include CBCT fees as a part of their treatment fee, while 15% (n = 64) included it in the treatment fees.
As per their opinion, the percentage of participants who agreed that CBCT usage enhanced the diagnosis of odontogenic pathosis, diagnosis of anatomical structures, treatment of iatrogenic errors, and diagnosis of nonodontogenic pathosis were 96.4% (n = 460), 96.3 (n = 459), 92.2% (n = 440), and 88% (n = 420), respectively ( Fig. 4) .
Endodontists agreed on using CBCT in certain conditions like difficult cases with difficult anatomy, trauma, and diagnosis of complex cases like vertical root fracture (VRF). However, the majority (93%; n = 347) of endodontists agreed that they would not consider doing CBCT for pregnant women (Fig. 5 ).
Majority of endodontists (74.6%; n = 356) use CBCT in their practice for surgery, followed by 60.2% (n = 287) in nonsurgical retreatment. While 59.1% (n = 282) use CBCT in initial nonsurgical treatment, 44% (n = 208) reported that they use CBCT in endodontic recall and 9.2% (n = 44) use CBCT for pediatric patients (Fig. 6 ).
dIscussIon
The aim of this survey was to assess whether the use of the CBCT technology among endodontists has become more prevalent over the years and in what clinical situations practitioners think it is an essential tool before rendering root canal therapy. According to the AAE and American Academy of Oral and Maxillofacial Radiology (AAOMR) joint position statement published in 2015, limited FOV CBCT should be considered the imaging modality of choice for diagnosis in patients who present with contradictory or nonspecific clinical signs and symptoms associated with untreated or previously endodontically treated teeth, nonhealing endodontic treatment, trauma, resorptions, implants, and VRFs. It is also recommended for initial treatment of teeth with the potential for extra canals and suspected complex morphology such as mandibular anterior teeth and maxillary and mandibular premolars and molars and dental anomalies. It is also recommended for the localization of calcified canals either initially or during treatment. 10 According to De Paula-Silva et al., small FOV CBCT scans have an accuracy of 0.92 in detecting apical periodontitis, which is significantly higher than that for PRs. 11 According to Abella et al.,
CBCT imaging has advantages in detecting apical periodontitis lesions especially in teeth with symptomatic irreversible pulpitis as compared with PA radiography. 12 In a systematic review by Aminoshariae, Kulild, and Syed, they concluded that when 2D intraoral radiography was inconclusive, CBCT imaging had twice the odds of detecting a periapical lesion than traditional radiography in endodontic outcome studies. 13 The position statement also recommends that limited FOV CBCT should be considered as the imaging modality for intra-appointment identification and localization of calcified canals. 10 According to determine the need for further treatment such as nonsurgical, surgical, or extraction and to assess endodontic treatment complications such as overextended root canal obturation material, separated endodontic instruments, and localization of perforations. 10 Rodríguez et al. tested the use of CBCT and its influence on retreatment strategies among general dental practitioners and endodontists as compared to 2D imaging and found a significant difference in the treatment plan between the two imaging modalities; they concluded that CBCT imaging directly influences retreatment strategies among both general dentists and endodontists. 14 Ee et al. also found that treatment planning decisions using CBCT vs intraoral radiographs; an accurate diagnosis was reached in 36-40% of the time using intraoral radiographs and 76-83% of the time when using CBCT. 15 According to Karabucak et al., in a retrospective cohort study of the greater Philadelphia area patient population there was a significant difference in lesion prevalence in endodontically treated teeth when a canal was missed/untreated. 16 They concluded that limited FOV CBCT imaging should be examined before any endodontic retreatment to identify missed canals.
Another recommendation is the use of the CBCT in teeth with calcified canals. According to this survey, 96.2% used the CBCT to help demystify complex morphology. 16 Limited FOV CBCT should be considered the modality of choice if clinical examination and 2D intraoral radiography are inconclusive in the detection of VRF. The first to investigate the ability of CBCT to diagnose VRF were Hassan, Metska, and Wesselink. 17 They investigated 39 endodontically treated teeth with suspected VRF where no fracture line could be detected on the 2D radiograph; they found a sensitivity of 93% in detecting VRF. 17 In nonsurgical retreatment, the presence of VRF reduces the prognosis by examining the patterns of bone loss and PDL space enlargement. It may not always be possible to view the fracture directly because detection is dependent on the size of the fracture and is only visible if the size is double the size of the resolution of the scan. 17 According to Schloss et al., CBCT analysis allowed a more precise evaluation of periapical lesions and healing after microendodontic surgery than periapical films. 18 CBCT imaging should also be considered the choice for nonsurgical retreatment to assess endodontic treatment complications, such as overextended root canal obturation material, separated endodontic instruments, and localization of perforations. 10 , 17 A recent study by Patel et al. assessed the impact of different diagnostic imaging modalities on the assessment of root canal anatomy and stress levels of endodontic residents. The group of residents who were provided with CBCT imaging along with access to the software in addition to the PA radiographs were the least stressed and rendered better-quality root canal therapy. 19 An emerging additional use of CBCT scans is in computeraided design/computer-aided manufacturing (CAD/CAM)-guided microsurgery, a case report series of surgeries performed at the Air Force Post Graduate Dental School, Joint Base San Antonio. Giacomino et al. shed light on indications for targeted endodontic microsurgery using printed guides and trephine burs. 20 It is the opinion of the authors that endodontic access with prior CBCT evaluation most likely reduces the amount of dentin removed, thus preserving the structural integrity of the tooth.
Limitations of the Study
Our survey had a low response rate of 15.9%, and interpretation of the results should be done with caution. A study conducted by McLeod et al. used 60% as a benchmark for responses to surveys. 21 According to their study they found a steady decline in response rates, from 61% in the year 2000 to 36% in 2008. Funkhouser et al. found that surveys of healthcare professionals usually have low response rates. 22 They found that multiple methods of recruitment resulted in a high participation rate. We did not employ different methods, and our questionnaire was sent out only once via e-mail. This may explain why our response rate was low. In addition, older dentists may tend to prefer completing paper surveys rather than online surveys. 22 Another limitation of our study was that we obtained our information anonymously. As a result, even though we obtained data regarding the number of years of experience of the endodontist, we could not correlate that to the answers provided as the survey was anonymous. Hence, no conclusions could be drawn to see if the experience of the clinician changed the treatment approach regarding the use of CBCT.
conclusIon
This survey shows an increase in the use of the CBCT technology in a myriad of endodontic clinical situations. It is becoming the imaging modality of choice for all endodontic treatments. Endodontists for the most part deal with only complex cases, thus CBCT imaging is becoming a necessary diagnostic tool in helping clinicians evaluate cases in three dimensions and thus becomes more efficient during treatment procedures such as finding calcified canals or determining why a previous treatment did no heal. Although the cost of owning your own unit can be a deterrent factor, the time has clearly come to enhance our ability to see in three dimensions so that we can improve patient care.
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